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Problem 

Leishmania  isolates  from  any  source  can  be  accurately 
and  rapidly  identified  by  cellulose  acetate  electrophoresis 
(CAE) .  Studies  using  29  enzyme  activities  have  shown  that 
certain  enzymes  are  polymorphic  and  of  limited  value  in 
identification,  while  others  are  monomorphic  and  have 
taxonomic  significance.  It  is,  therefore,  necessary  to 
characterize  isolates  from  a  series  of  geographic  areas  by 
examining  data  from  a  number  of  enzymes  to  find  a  few 
monomorphic  enzymes  that  can  be  used  in  a  simple,  rapid, 
accurate  field  identification  test. 

Background 

Electrophoretic  study  of  gene-enzyme  systems 

represents  a  powerful  tool  in  systematics,  genetics, 

ecology,  ethology  and  applied  biology.  Studies  on  the 

systematic  value  of  electrophoretic  data  reveal  high  levels 

of  genetic  similarity  between  conspecific  populations,  with 

up  to  85%  identity  of  their  loci,  while  the  percent  of 

genetic  similarities  among  closely  related  species  are 
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usually  much  lower. 

Recently  enzyme  electrophoresis  has  been  used  to 
identify  parasites  of  the  genus  Leishmania^  ^  One  study 
reported  that  21%  of  the  enzymes  tested  from  particular 
subspecies  were  polymorphic . ^  This  suggests  that 
isolates  which  have  profiles  greater  than  75%  identical  are 
the  same  subspecies,  and  isolates  which  are  less  than  75% 


identical  are  parasites  from  different  subspecies.  The 
enzyme  profiles  cf  some  isolates  in  this  study  were 
identical,  but  in  most  cases,  the  profiles  among  isolates  in 
a  given  subspecies  were  different.  Leishmania  could  be 
grouped  into  at  least  five  major  complexes  according  to 
enzyme  profiles,  braziliensis ,  mexicana ,  donovani ,  tropica 
and  hertigi .  These  designations  for  the  most  part  are 

consistent  with  the  taxonomic  categories  used  by 

12 

others.  Within  these  complexes  the  isolates  could  be 
grouped  into  subspecies  with  varying  levels  of  allozyme 
identity.  It  has  been  reported  that  the  L.  braziliensis 
complex  is  composed  of  two  possibly  three  (L.  b.  guyanensis) 
subspecies,  L.  b.  panamensis  and  L.  b.  braziliensis .  The 
L.  mexicana  complex  has  at  least  three  subspecies,  L.  m. 
mexicana ,  L.  m.  amazonensis  and  L.  m.  aristidesi .  Minimal 
numbers  of  L.  tropica  and  L.  donovani  had  been  examined  and 
subspecies  remained  to  be  delineated.  These  data  were 
consistent  with  those  obtained  by  the  principal  investigator 
in  an  earlier  less  comprehensive  study.  Results  of  this 
study  demonstrated  that  electrophoresis  can  be  used  for 
rapid  and  accurate  subspecific  identification  of 
Leishmania . 

The  data  which  have  been  reported  on  enzyme  profiles 
of  leishmanial  groups  have  been  obtained  from  small  numbers 
of  isolates.  Among  known  species  there  is  a  certain  amount 
of  naturally  occurring  enzyme  polymorphism.  Isolates  which 


have  been  identified  as  belonging  to  the  same  group  by 
classical  methods  and  their  identification  confirmed  by  CAE 
do  have  slight  genetic  differences  as  noted  from  their 
individual  enzyme  profiles.  This  type  of  population 
polymorphism  is  to  be  expected  and  has  been  noted  in  all 

groups  of  organisms  which  have  been  studied  by 
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electrophoresis . 

A  taxonomic  enzyme  profile  must  include  as  much 
information  on  polymorphism  as  can  be  obtained.  The 
problems  which  can  result  from  establishing  taxonomic  enzyme 
profiles  from  small  numbers  of  isolates  are  noted  in  the 
following  example.  If  L.  donovani  WR130  from  Khartoum  and 
L.  donovani  WR352  from  India  are  compared,  68%  of  25  enzymes 
would  be  identical  by  CAE,  but  when  the  WR352  profile  is 
compared  to  ten  other  L.  donovani  isolates,  the  levels  of 
identity  are  greater.  Furthermore,  if  the  enzyme  analysis 
were  confined  to  MDH ,  ICD,  GOT,  ALAT,  AK1,  EST,  ACPI,  MPI 
(Table  1)  there  would  have  been  0%  identity  and  the  two 
isolates  would  have  been  considered  as  two  different  species 
complexes.  Therefore,  taxonomic  profiles  must  be  based  on 
many  systems  and  on  data  from  a  large  number  of  isolates 
representing  the  entire  geographical  distribution  of  the 
group . 

The  identification  of  Leishmania  based  on  29  genetic 
loci  produces  more  accurate  results;  however,  it  should  be 
possible  to  make  a  rapid  and  accurate  identification  using 


only  two  or  three  enzymes  once  the  geographic  area  of 
isolation  is  known.  For  example  the  WRAIR  isolates  WR209 
(L.  b.  panamensis ) ,  WR359  (L.  b.  braziliensis) ,  WR225  (L.  m. 
amazonensis )  ,  WR381  (L.  m.  mexicana)  ,  and  WR285  (L.  chagasi) 
are  all  from  Panama.  These  isolates  can  be  separated  as 
follows : 

GPI  209  and  359  are  identical.  This  pair 

differs  from  225,  381  and  285  which 
differ  from  one  another. 

ALAT  359  and  285  are  identical.  This  pair 

differs  from  all  others. 

MPI  Each  differs  one  from  another. 

Isolates  from  the  Ft.  Sherman  area  in  Panama  would 
require  the  use  of  WR209,  WR225  and  WR285  as  reference 
subspecies.  Any  of  the  three  enzymes  could  be  used  to 
establish  that  an  unknown  is  L.  m.  amazonensis  and  not  the 
other  subspecies,  while  MPI  could  be  used  to  establish  that 
the  unknown  as  either  L.  b.  panamensis  or  L.  b. 
braziliensis .  From  this  example  it  is  evident  that  baseline 
studies  on  isozyme  polymorphism  are  required  to  select  the 
few  taxonomical ly  relevant  enzymes  to  be  used  in  a 
simplified  identification  procedure. 

Approach 

This  study  was  designed  to  establish  methods  which 


the  clinical  laboratory  technician  can  follow  in  the  field 
to  rapidly  and  accurately  identify  leishmanial  isolates  from 


U.S.  military  personnel.  At  present,  emphasis  is  placed  on 
identification  of  New  World  and  Kenyan  isolates  in  support 
of  military  operations  in  Central  America  and  USAMRU-Kenya . 

Isolates  which  are  grown  in  any  medium  that  can 
support  sufficient  growth  of  promastigotes  were  examined  by 
CAE  using  up  to  29  enzyme  systems.  At  least  20  different 
isolates  of  each  subspecies  with  adequate  histories  are 
studied  to  obtain  information  on  natural  polymorphism. 
Standard  enzyme  profiles  have  been  established  in  a  previou 
study,11  and  unknown  isolates  were  compared  to  these 
standard  profiles.  The  enzyme  profiles  of  each  subspecies 
were  compiled  to  determine  which  enzymes  have  taxonomic 
value . 

Although  the  procedure  for  CAE  identification  of 
leishmanial  isolates  is  simple,  it  should  be  possible  to 
further  reduce  the  time  and  effort  required  to  rapidly  and 
accurately  identify  isolates.  A  simple  kit  designed  for  a 
particular  geographic  area  could  be  assembled.  This  kit 
will  contain  instructions,  buffers,  stains,  controls,  and 
information  on  interpretation  of  results. 

Summary  of  Previous  Year  Progress 

Approximately  200  Leishmania  isolates  have  been 
characterized  for  up  to  29  enzymes  by  CAE.  About  150  of 
these  isolates  were  primarily  isolates  from  the  WRAIR 
cryobank  and  the  remainder  were  from  individual  WRAIR 


investigators  or  contractees.  Among  the  primary  isolates 


were  those  designated  by  WHO  as  reference  strains.  Enzyme 
profiles  based  on  reference  strain  isolates  have  been 
established  for  L.  brazi 1 iensis  panamensis  (LBP),  L.  b. 
brazil lensis  (LBB) ,  L.  b.  guyanensis  ( LBG ) ,  L.  mexicana 
mexicana  (LMM) ,  L.  m.  amazonensis  (LMA) ,  L.  m.  aristedesi 


(LAR) ,  L. 

pif anoi 

( LMP )  ,  L. 

m.  enriettii  (LME) ,  L. 

gar nh ami 

(LMG) ,  L. 

donovani 

(LD) ,  L. 

chagasi  (LC) ,  L.  major 

( LMJ ) ,  L 

tropica  (LT) ,  L.  aethiopica  (LAE),  L.  her tigi  hertigi .  It 
has  been  noted  that  the  numbers  of  Leishnania  subspecies 
identified  from  a  given  area  is  related  to  the  numbers  of 
isolates  examined;  i.e.  as  more  isolates  from  a  particular 
geographic  locale  were  studied  the  number  of  subspecies 
identified  increased.  A  group  of  isolates  from  human  hosts 
from  Central  America,  some  with  simple  cutaneous  and  others 
with  diffuse  cutaneous  leishmaniasis  (DCL) ,  were  over  75% 
identical,  and  therefore  samples  from  one  Leishmania 
subspecies.  These  data  suggest  that  DCL  could  be  a  result 
of  host  response  to  the  parasite.  It  is  possible  that  these 
isolates  are  LMM.  Identification  of  isolates  should  precede 
studies  on  Leishmania ;  furthermore,  confirmatory  CAE 
identification  should  be  made  as  such  studies  progress. 

Such  identifications  insure  the  reliability  of  the  data 
obtained.  Preliminary  data  indicate  that  two  strains  of 
visceral  isolates,  one  derived  from  the  other  and  one 
susceptable  and  the  other  resistant  to  SB+^  treatment  can 
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:*■  .3-;  ii  a*-:  r.  y  Aj  .  :  ♦  .  r  -ss;t  ;*•  «-  r.  a f  specific  enzyme 

p'.  1  yrr>t.  i  pr. . -  -  i  :  -  r>- 1  a*  ed  ♦  dr  jq  susceptibility.  The 
*-esf  1  *■*  j  d :  r. * .  arc-ur  a*-*-  a  no  r  ap  jcj  identification  of 
Leishmania  i^jo'es  r  euu  :r  es  analysis  of  enzymes  which 
produce  distinctly  irigra*  inq  bands  for  each  subspecies,  are 
monomer  ph  ic  arid  ar  e  simple  to  run.  The  enzymes  which  appear 
to  meet  these  requirements  are  GOT,  GPI,  GSR^  ,  GSR2 , 

ICD ,  MDH ,  MPI  and  6 PGDH .  Simplified  CAE  conditions  for 
these  enzymes  have  been  established.  A  preliminary  draft 
for  tne  test  has  been  proposed  which  includes  the  enzymes 
GPI,  MPI,  6PGDH  and  GSR^ .  The  data  generated  in  this 
study  were  combined  in  a  dendrogram  based  on  CAE 
similarities  and  differences  within  and  between  Lei shmania 
species  complexes.  A  new  enzyme  GSR2  ,  and  conditions  for 
its  CAE  were  reported.  Technicians  in  the  Leishmania 
section  at  WRAIR  are  already  using  the  information  provided 
in  this  report. 

Progress 

Isolates  ident if  led 

In  this  third  year  of  the  project  an  additional  165 
Leishmania  isolates  from  both  New  and  Old  world  have  been 
identified  (Table  2).  Recently  (June,  1985)  CAE  study  has 
been  initiated  on  a  new  series  of  World  Health  Organization 
(WHO)  reference  isolates  WR657-685.  Data  from  eight  enzymes 
are  available,  and  the  preliminary  enzyme  profiles  of  these 
reference  isolates  are  identical  to  the  established  profiles 
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of  each  subspecies.  There  was  one  important  development 
among  the  data  from  these  isolates.  Previous  reports  have 
noted  an  unknown  mexicana  complex  subspecies  "L.  m. 
venezuelensis " ,  ("LMV"),  and  that  it  was  not  possible  to 
separate  L.  m.  amazonensis  (LMA)  and  L.  m.  mexicana  ( LMM) . 
Among  these  reference  strains  were  two  LMA  isolates 
(WR669-670)  and  two  LMM  isolates  (WR667-668).  The  profiles 
of  the  two  LMA  reference  isolates  were  identical  (for  eight 
enzymes)  to  the  group  previously  identified  as  LMA/ LMM,  and 
the  profiles  of  the  two  LMM  isolates  were  identical  (for 
eight  enzymes)  to  the  group  previously  identified  as  "LMV". 
The  established  CAE  profile  for  "LMV"  is  the  LMM  profile, 
and  the  LMA /LMM  profile  is  the  LMA  profile.  In  addition 
preliminary  CAE  enzyme  profiles  have  been  established  for  L. 
hertigi  deani  (LHD)  and  L.  gerbilli  (LGE) .  The  profile  of 
LHD  has  some  similarity  to  but  is  distinct  from  that  of  L. 
h.  hertigi  (LHH) ,  and  the  LGE  profile  has  little  similarity 
to  the  established  profile  of  any  other  subspecies. 

In  this  study  enzyme  data  from  over  20  isolates  of 
New  World  visceral,  L.  chagasi  (LC) ,  and  Old  World  visceral, 
L.  donovani  (LD) ,  have  been  obtained.  For  most  of  the 
enzymes  studied  (Table  1)  both  groups  are  identical  and 
monomorphic;  however,  for  ASAT,  GOT  and  MDH  the  allomorph 
frequency  differences  between  the  two  groups  of  isolates  are 


ASAT* 


GOT* 


MDH 


Fast 

Slow 

Fast 

Slow 

Fast 

Slow 

0.69 

0.31 

0.50 

0.50 

0.31 

0.69 

0.00 

1.00 

0.00 

1.00 

0.00 

1.00 

*ASAT  and  GOT  might  be  the  same  enzyme. 

These  data  suggest  that  if  a  visceral  isolate  has  the  "slow" 
allomorph  for  ASAT  and  MDH  it  is  only  20%  likely  that  it  is 
LD.  Similar  data  are  not  yet  available  for  separating  L. 
infantum  from  (LI)  and  (LC) . 

At  present  only  two  isolates  of  L.  m.  gar nhami  (LMG) 
and  two  of  L.  m.  pif anoi  (LMP)  have  been  studied.  No 
consistent  differences  have  been  noted  between  the  profiles 
of  LMA  and  LMG  or  the  profiles  of  LMM  and  LMP;  therefore, 
until  larger  samples  of  LMG  and  LMP  are  studied  it  is  not 
possible  to  separate  these  pairs. 

The  profile  of  L.  b.  guyanensis  (LBG )  is  very  similar 
to  that  of  L.  b.  panamensis  (LBP) ,  but  both  profiles  are 
quite  different  from  the  profile  of  L.  b.  braziliensis.  The 
profiles  of  LBP  and  LBG  differ  as  follows; 

ACP  MDH  ME  6PGDH 


LBP  LBG 

A  1.00*  A  0.00 
B  0.00  B  1.00 
C  1.00  C  0.00 
D  0.00  D  1 .00 


LBP  LBG 

A  0.68  A  0.00 
B  0.32  B  1.00 


LB I  LBG 
A  0.05  A  1.00 
A  0.84  B  0.00 
C  0.06  C  0.00 


LBP  LBG 
A  0.00  A  1.00 
B  0.33  B  0.00 
C  0.67  C  0.00 


*Allomorph  frequencies. 
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Therefore,  data  from  ACP  and  6PGDH  can  be  used  to  identify 
isolates  of  these  two  subspecies. 

In  summary  CAE  enzyme  profiles  have  been  established 
for  LBP ,  LBB ,  LBG ,  LMM/LMP,  LMA/LMG,  L.  m.  aristedesi  (LAR) , 
L.  m.  enriettii  (LME) ,  LD,  LC,  L.  major  (LMJ) ,  L.  tropica 
(LT) ,  L.  aethiopica  (LAE) ,  LHH  and  L.  h.  deani  (LHD)  and 
LGE . 

Leishmania  diversity 

As  noted  in  previous  reports  there  appears  to  be  a 
direct  relationship  between  the  number  of  isolates 
characterized  from  a  particular  geographical  locale  and  the 
number  of  subspecies  identified  in  that  area.  Among  83 
isolates  from  Panama,  37  from  Brazil,  50  from  Colombia,  and 
14  from  Belize  there  is  a  higher  level  of  subspecies 
diversity  than  among  isolates  from  other  geographical 
regions  which  have  been  less  vigorously  studied  (Table  3). 
These  supporting  data  on  the  relationship  between  diversity 
and  numbers  of  isolates  examined  emphasize  the  need  to 
examine  large  numbers  of  isolates  from  all  geographical 
areas  from  which  leishmaniasis  has  been  reported  to  obtain 
an  accurate  picture  of  the  degree  of  Leishmania  diversity. 
Routine  identification  for  WRAIR  contractees 


In  addition  to  the  WRAIR  primary  isolates,  samples 
for  CAE  identification  were  received  from  and  identified  for 
individual  WRAIR  personnel  and  contractees.  These  are  noted 
in  Table  2  as  from  P.  Jackson  and  Keithly.  Other  isolates 


from  NIH  and  Colombia  are  also  identified.  Certain 
identified  Colombian  isolates  are  now  in  the  WRAIR  cryobank. 
In  each  case  the  isolate  identification  was  based  on 
comparative  data  from  previously  identified  WHO  reference 
strains.  In  certain  cases  the  CAE  identification  was  made 
prior  to  initiation  of  other  studies  on  the  isolate  and 
later  follow  up  confirming  identification  was  made  during 
the  course  of  studies  by  the  contractee.  It  is  suggested 
that  groups  involved  in  Leishmania  research  either  establish 
CAE  identification  in  their  own  laboratories  or  that 
identification  confirmation  be  made  at  this  laboratory  prior 
to  study.  In  addition  CAE  identification  should  be  made  a 
standard  procedure  in  each  project.  Preliminary  and 
confirmatory  CAE  identification  is  considered  necessary, 
because  certain  isolates  received  at  this  laboratory  from 
various  sources  and  labeled  as  a  particular  species  were 
identified  by  CAE  as  being  other  than  the  indicated  species 
or  as  mixed  cultures.  Identification  by  CAE  is  too  simple 
and  accurate  not  to  take  advantage  of  the  process. 

Mini  Test 
General 

Isolates  of  a  particular  subspecies  have  a  high  level 
of  enzyme  similarity  (over  75%),  but  usually  no  two  isolates 
are  100%  identical.  The  allozyme  differences  among  isolates 
are  the  result  of  natural  polymorphism  and  can  be  of 
importance  when  studying  biological  parameters  other  than 


identification.  Enzyme  polymorphism  can  affect 
electrophoretic  identification  of  Leishmania  isolates.  If, 
for  example,  6PGDH  were  the  only  enzyme  used  for  an 
identification,  LBP ,  LBB  and  LBG  could  be  separated  even 
though  two  differently  migrated  bands  have  been  observed 
among  isolates  of  LBP  and  LBB  (non-overlapping 
polymorphism) .  LMM  and  LMA  which  are  also  polymorphic  for 
6PGDH  could  not  be  separated  because  their  polymorphism  is 
overlapping.  Then  6PGDH  can  identify  L.  brazil iensis 
subspecies  but  not  L.  mexicana  species.  Enzymes  chosen  for 
a  mini  test  identification  should  have  either  no  or 
non-overlapping  polymorphism,  but  ones  which  can  separate 
Leishmania  species  and  subspecies.  Another  consideration  is 
the  choice  of  enzymes  which  are  very  active  (i.e.  produce 
bands  with  small  numbers  of  cells)  and  which  are  relatively 
simple  to  prepare.  One  monomorphic  enzyme,  simply  prepared, 
with  distinctly  migrating  bands  for  each  Leishmania 
subspecies  would  be  sufficient,  unfortunately  no  single 
enzyme  yet  studied  meets  all  of  these  requirements. 

Population  enzyme  polymorphism  is  probably  the  most 
difficult  parameter  to  determine.  It  requires  study  of  many 
isolates  (ideally  20)  from  the  entire  distributional  range 
of  the  subspecies,  but  for  many  Leishmania  subspecies  only  a 
few  isolates  from  a  restricted  geographical  area  have  been 
studied.  In  this  study  attempts  were  made  to  reduce 
possible  errors  in  biochemical  identification  by  collecting 


data  from  many  isolates  with  well  documented  (if  possible 
already  identified)  histories  from  multiple  geographical 
areas.  Tables  2  and  4.  The  data  from  the  isolates  already 
run  indicate  that  enzyme  polymorphism  is  either  minor  or  not 
present  for  the  enzymes  GOT,  GPI,  GSR^ ,  ICD,  MDH ,  MPI  and 
6PGDH;  furthermore,  these  enzymes  can  be  used  to  separate 
most  New  and  Old  World  Leishmania .  These  enzymes  produce 
good  activity  from  small  numbers  of  cells,  and  buf fer/strain 
components  have  been  changed  so  each  system  can  be 
preweighed,  sent  through  the  mail  and  requires  only  the 
addition  of  distilled  water  prior  to  use  (Table  5). 

Although  there  are  eight  enzymes  noted  in  the  table,  the 
recommended  simplified  test  for  Leishmania  identification 
will  include  only  GPI,  MPI,  and  6PGDH . 

Second  draft  of  mini  test 

1.  Cells  needed  for  identification. 

A.  A  minimum  number  of  10^  cells  are  needed  to 

obtain  data  from  GPI,  MPI,  and  6PGDH ;  however, 
visible  masses  of  cells  grown  on  and  picked  off 
blood  agar  medium  in  petri  dishes  without  a 
liquid  overlay  are  sufficient  to  produce  activity 
with  these  enzymes. 

2.  Cell  preparation  for  CAE. 

A.  Separate  cells  from  growth  medium  at  1,000  g  for 
10  min.  and  pour  off  growth  medium. 


B.  Add  1  mL  of  less  normal  saline  to  the  pellet 
(visible  mass  of  cells). 

C.  Transfer  saline  and  cells  to  a  2  mL  nunc  tube. 

D.  Separate  cells  and  saline  at  1,000  g  for  10  min. 
and  remove  all  saline  using  a  pipette  if  neces¬ 
sary  . 

E.  Add  an  appropriate  amount  of  buffer  (14  parts 
distilled  water:  1  part  cell  buffer  1  or  2  - 
Table  5)  to  the  cells,  about  1/3  the  size  of  the 
pellet  or  6  uL/10^  cells. 

F.  Resuspend  the  cells  in  the  buffer  with  a  vortex. 

G.  Rapidly  freeze  and  thaw  three  times.  Store  10^ 
cells  at  -70°C  until  needed. 

H.  For  large  cell  masses  separate  lysate  from  cell 
debris  at  1,000  g  for  10  min. 

I.  With  a  pipette  remove  the  lysate  from  the  cel) 
debris  and  store  in  a  nunc  tube  at  -70°C  until 
needed . 

Buffer/stain  preparation  and  conditions  for  CAE.  See 
Table  5.  If  a  pH  meter  is  available,  it  is  recom¬ 
mended  that  cell  buffer  1  be  used  for  GPI. 

A.  Buffer  preparati ion . 

1.  Cell  buffers  2-5  and  reaction  buffers  B-G 
can  be  prepackaged,  sealed  and  stored  at 
room  temperature  indefinitely. 

2.  Add  the  buffer  components  to  the  appropriate 


amounts  of  distilled  water  and  stir  until 
so . ved . 

3.  Buffers  can  be  prepared  for  any  final  volume, 
the  amounts  noted  in  Table  5  are  for  prepara¬ 
tion  of  one  liter  of  each  buffer. 

Stain  preparation. 

1.  Stain  components  can  be  prepackaged,  sealed 
and  stored  at  -30°C  indefinitely. 

2.  25  mL  of  the  appropriate  reaction  buffer  are 
combined  with  0.5  g  nobel  agar  and  brought  to 
boiling  on  a  stirring  hot-plate. 

3.  Cool  to  50°  C. 

4.  While  the  agar  is  cooling,  add  25  mL  of  the 
reaction  buffer  to  the  substrate/stain  compo¬ 
nents  and  stir  until  dissolved.  It  might  be 
necessary  to  use  a  glass  rod  to  break  up 
large  particles  which  do  not  readily  dis¬ 
solve. 

5.  Pour  the  cool  (50°C)  agar  into  the  sub¬ 
strate  stain  solution  and  continue  stirring 
for  5  seconds. 

6.  Pour  the  mixture  into  100  x  15  mm  petri 
dishes  (5-6  dishes)  and  store  at  4°C. 

7.  It  is  recommended  that  the  stain  plates  be 
used  as  soon  as  possible. 
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Tital  Power  Supply  (Cat.  No.  1500 
Zip  Zone  Chamber  (Cat.  No.  1283) . 


F.  Use  the  applicator  to  transfer  the  lysate  from 
three  sample  well  plates  to  the  zip  zone  plate. 

G.  Transfer  the  zip  zone  plate  to  the  zip  zone 
chamber.  The  plate  is  applied  lysate  side  down 
and  application  side  to  the  negative  side  of  the 
chamber.  The  plate  should  be  perpendicular  to 
the  paper  wicks.  Place  microscope  slides  on  the 
plate  to  insure  wick/plate  contact. 

H.  Set  appropriate  time  and  voltage. 

1.  After  electrophoresis,  remove  the  zip  zone 
plate,  blot  ends  dry,  cut  the  plate  to  fit 
the  petri  dish  and  apply  it  enzyme  side 
down  to  the  substrate/ stain/agar  plate. 
Carefully  press  out  any  air  bubbles. 

J.  Monitor  the  plates  and  mark  the  bands  as  they 
appear.  Mark  the  plates  on  the  plastic  side 
with  a  cryomarker. 

K.  After  all  samples  have  been  marked,  remove  the 
plate,  place  it  in  5%  acetic  acid  for  30  seconds 
wash  in  tap  water  and  allow  to  air  dry. 

Controls.  To  identify  an  isolate  a  comparison  of  the 
unknown  to  a  known  must  be  made.  Control  isolates 
are  any  which  have  already  been  identified  by  elec¬ 
trophoresis  and  are  prepared  as  noted  above.  It  is 
recommended  that  only  isolates  designated  as 
reference  isolates  by  WHO  be  used  as  controls.  The 


object  of  the  contrl  is  to  produce  a  band  of  migra¬ 
tion  so  unknown  isolate  bands  can  be  compared  with 
it.  Two  bands  which  migrate  equally  indicate 
identity.  If  a  known  isolate  ard  an  unknown  produce 
identically  migrating  bands  for  GPI ,  MPI  and  6PGDH , 
the  unknown  and  the  known  are  the  same  Lei shmania 
subspecies . 

A.  Preliminary  run  controls  in  Sample  Well  Plate. 

1.  LBB  well  3. 

2.  LBP  well  4. 

3.  LMA  well  5. 

4  .  LC  we  1 1  6  . 

5.  Wells  1,  2,  7,  8  for  unknowns  or  if  necessary 
other  controls. 

E .  Confirming  run  controls.  After  a  preliminary 

identification  has  been  made,  a  second  run  should 
be  made.  Each  unknown  should  be  placed  next  to 
the  suspected  control.  This  will  confirm  both 
bands  migrate  identically. 

Sequence  of  enzymes  leading  to  identification  (Figures 
of  MPI  and  6PGDH  are  not  yet  available) . 

A.  Run  GPI. 

1.  Separate  (Figure  1)  -  LB  complex  subspecies  - 
LBP,  LBB,  LBG ;  LD  complex  subspecies  -  LD, 

LC,  LI;  LMM-P ;  LMA-G;  LAR;  LT;  LHH-LHD ;  LAE- 
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2.  Identical  band:  LD  complex,  LBP-LBB . 

C.  After  GPI  and  MPI,  run  6 PGDH . 

1.  Separate  (in  addition  to  data  in  6A1  and  6B1 
above)  -  LBP-LBB-LBG. 

2.  Identical  band:  LD  complex. 

D.  LD  complex  subspecies  identification. 

1.  Geographical  area  of  isolation. 

2.  Run  GOT  ASAT)  and  MDH  -  If  both  allomorphs 
are  "slow",  it  is  35%  likely  that  the  iso¬ 
late  is  LD  or  65%  likely  it  is  LC. 

3.  At  present  no  reliable  CAE  procedure  is 
available  to  separate  LI  from  LD  or  LC. 

This  is  the  second  draft  of  the  proposed  simplified 
test.  The  test  is  a  major  objective  of  the  project,  and 
will  be  complete  in  all  respects  for  the  final  report.  The 
data  from  almost  500  Leishmania  isolates  indicate  that 
accurate  identification  of  most  isolates  can  be  made  by 
study  of  only  three  enzymes,  but  a  complete  analysis  of  at 
least  25  enzymes  should  be  made  of  each  isolate.  It  is 
possible  that  enzyme  polymorphisms  not  observed  in  the 
preliminary,  three  enzyme  identification  could  correlate 


with  other  biological  parameters. 


In  summary  it  appears  that  the  subspecies  of 

Leishmania  for  which  enzyme  profiles  are  available  can  be 

separated  by  study  of  three  enzymes,  GPI ,  MPI  and 
2  2 

6PGDH.  These  are  active  enzymes  for  which  CAE 
procedures  have  been  simplified  and  among  which  only  minor 
enzyme  polymorphism  has  been  observed.  Most  of  these 
preliminary  data  on  the  simplified  test  have  already  been 
made  available  to  and  are  being  used  by  personnel  in  the 
Leishmania  section  at  WRAIR  for  isolate  identification. 
Biochemica 1  simi larities  among  Leishmania 

Data  from  the  isolates  studied  have  been  combined  and 
correlated.  The  levels  of  similarity  and  difference  among 
subspecies  has  been  calculated  in  a  manner  similar  to  that 
used  for  genetic  identity  and  distance  analysis  in 
diploids,1  ^  (Table  6).  These  data  can  be  used  to  produce 
a  dendrogram  or  grouping  of  Leishmania  subspecies.  This 
type  of  analysis  is  more  meaningful  if  it  includes  data  from 
about  20  enzymes  for  about  20  isolates  of  each  subspecies. 
The  dendrogram  (Fig.  2)  includes  some  subspecies 
similarities  for  LAR,  LMP,  LMG,  LI,  LHH,  LHD  and  LGE  based 
on  data  from  one  or  two  isolates;  therefore,  the 
similarities  of  these  subspecies  must  at  present  be 
considered  preliminary.  No  CAE  data  are  available  on 
certain  other  Leishmania  New  or  Old  World  subspecies  such  as 
L.  b.  peruviana ,  L.  m.  venezue 1 ens is  and  others. 


.y' 


‘v '-ri 


anal ysis 


The  CAE  data  which  have  been  generated  by  this  and 
other  studies  have  been  compiled  in  a  computer  program  so 
they  are  readily  available  to  personnel  at  WRAIR.  The 
program  for  the  CAE  data  is  menu  operated  and  IBM 
compatible.  Data  from  each  Le i shman la  subspecies  are 
combined  into  a  file,  and  each  file  has  columns  for  ID 
number,  parasite  species,  date,  enzyme  ar.d  polymorphism. 

This  system  allows  simultaneous  determination  of  numbers  of 
enzymes  used  for  isolate  identification,  allomorphs  of  the 
isolate  and  a  comparison  of  the  isclate's  enzyme 
polymorphism  with  the  polymorphisms  of  all  other  isolates  of 
the  same  subspecies.  In  addition  it  facilitates  the 
polymorphism  analysis  of  each  subspecies,  as  well  as 
providing  a  compiled  visible  picture  of  which  enzymes  remain 
*■  o  be  tested  for  an  isolate. 
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TABLE  1.  Enzymes  tested  in  this  study. 


Enzyme 

Oxidoreductases 

Lactate  dehydrogenases  (1.1.1.27) 

Malate  dehydrogenase  (1.1.1.37) 

Malic  enzyme  (1.1.1.40) 

Isocitrate  dehydrogenase  (1.1.1.42) 
Phosphogluconate  dehydrogenase  (1.1.1.44) 
Glucose-6-phosphate  dehydrogenase  (1.2.1.49) 

G lycer a ldehyde -phosphate  dehydrogenase 

(1.2.1.12) 

Gluthione  reductase  (1.6. 4. 2) 

Transferases 

G lutamate-oxa loacetate  transaminase  (2. 6. 1.1) 
Glutamate-pyruvate  transaminase  (2. 6. 1.2) 
Hexokinase  (2.7. 1.1) 

6-Phosphof ructokinase  (2.7.1.11) 

Adenylate  kinase  (2. 7. 4. 3) 

Guanylate  kinase  (2. 7. 4. 8) 

Phosphog 1 ucomutase  (2.7.5. 1) 

Hydrolases 

Esterases  (  3  . 1 . 1  . 1 ) 

Acid  phosphatase  (3. 1.3. 2) 

Peptidases  (3.4.11.-13) 

Peptidase  D  (3.4.13.9) 

Lyases 

Aldolase  (4.1.2.13) 

Fumerate  hydratase  (4. 2. 1.2) 

I somerases 

Mannose  phosphate  isomerase  (5.3. 1.8) 

Glucose  phosphate  isomerase  (5. 3. 1.9) 
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Enzyme  Abbreviat ion 


LDH 

MDH 

ME 

1  CD 

6PGDH 

G6PDH 

GAPDH1 ,  GAPDH? 
GSRj,  GSR2 

GOT  &  ASAT 

ALAT 

HK 

FK 

AK 

GUK 

PGM  ,  PGM2 

EST 
AC  P 
PEP 
PEPD 

ALD 

FUM 

MP1 

GPI 
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TABLE  2 .  CAE 

isolate  i 

dentil lc a cion. 

.%  K  A I  R 

Pur  is  ite 

Host 

Other 

& 

No  . 

Category 

S p o c  :es 

Spec  ies 

Sou  rce 

Loca 1 i t  v 

Des  ignat ion 

m 

h 

2  '  I  3 

03  \ 

LP" 

Man 

ISAMRU-K 

Kenya 

LV650 

307 

owv 

LD 

Man 

USAMRU-K 

Kenya 

209762/300-78 

p: 

3  10 

owv 

LD 

Man 

USAMRU-K 

Kenya 

298807 

w 

312 

OWV 

LD  -  LMM-P 

Man 

USAMRl'-K 

Kenya 

307023 

lafl 

3  3  >i 

owv 

LD 

Man 

USAMRU-K 

Kenya 

321827 

SET 

£VL 

■*17 

NWC 

LMA-G 

Hamster 

LAN-SHAW 

Braz  i  1 

LV79 ,  MI831, 

4,  "C 

^•V 

9 

LRCL309 

PJ001' 

NWV 

LC 

Man 

P . Jackson/ 

Brazil 

BA3 

CjjC 

Reed 

PJ003 

NWV 

LC 

Man 

P . Jackson/ 

Braz i 1 

BA  7 

Dui 

Reed 

Sr 

PJ003 

NWV 

LC 

Ma  n 

P . Jackson/ 

Brazil 

BA  9 

% 

Reed 

- 

r 

- 

PJ00  5 

NWV 

LC 

Man 

P. Jackson/ 

Brazil 

BA10 

Reed 

"V 

PJ006 

NWV 

LMJ 

- 

P . Jackson/ 

Braz  i  1 

BAl  1 

Reed 

PJOO" 

NWV 

LC 

Man 

P .Jackson/ 

Braz i 1 

BA  12 

Reed 

PJ008 

NWV 

LC 

Man 

P. Jackson./ 

Brazi  1 

BA  13 

Reed 

CL0023 

NWC 

LMM-P 

Man 

Corredor 

Colombia 

MH0M/C0/83/CL002B 

mm 

CL0053 

NWC 

LMM-P 

Man 

Corredor 

Colombia 

MHOM/CO/ 83/ CL005B 

CL013B 

NWC 

LMM-P 

Man 

Corredor 

Colombia 

MHOM/CO/ 83/CL013B 

* .  - 

CL018A 

NWC 

LMM-P 

Man 

Corredor 

Colombia 

MH0M/C0/83/CL018A 

2L020A 

NWC 

LBP 

Man 

Corredor 

Co  1 omb ia 

MH0M/C0/83/CL020A 

2  3021 

NWC 

LPIF? 

Man 

Corredor 

Co  lomb i a 

MH0M/C0/83/CL021 

-\P 

2L022 

NWC 

LBB 

Man 

Corredor 

Co lomb ia 

MHOM/CO/ 83/CL022 

CL023 

NWC 

LBB 

Man 

Corredor 

Colombia 

MHOM/CO/ 8 3/ CL023 

C  30  2  A 

NWC 

LBP 

Man 

Corredor 

Colombia 

MHOM/CO/ 83/CL023 

73026 

NWC 

LBP 

Man 

Corredor 

Co  1 omb i a 

MHOM/ CO /83/C LO 26 

\V 

C3C27 

NWC 

LPB 

Man 

Corredor 

Col omb i a 

MHOM/CO/ 83/CL02  7 

.032" 

NWC 

LBB 

Man 

Sacks 

- 

Torrez 

1033 

NWC 

L3  and  LM 

Man 

Sacks 

- 

Broos 

■  PJ 

M 

10  3  3 

NWC 

L3B 

- 

Sacks 

- 

WR608 

T 

'1  ij  ‘ 

NWC 

L33 

_ 

Sacks 

_ 

WR605 

»: 

i  0  3  *3 

NWC 

L3B 

_ 

Sacks 

- 

WR603 

'X 

10  3  7 

N  WC 

LBB 

- 

Sacks 

- 

WR603 

3)14 

OW  V 

L.D 

Man 

Neva 

India 

Mong  i 

1  k  ' 

1030 

owe 

LAET 

Man 

Neva 

Ethiopia 

Hu  1  urn 

Sr 

1031 

owe 

LAET 

Man 

Neva 

Ethiopia 

Kassahun 

1032 

owe 

LAET 

Man 

Neva 

Ethiopia 

Gede 

^  « 
v;; 

N  0  3  3 

owe 

LAET 

Man 

Neva 

Ethiopia 

Degu 

1033 

owe 

LAET 

Man 

Ne  va 

Ethiopia 

Kassaye 

< 

;  o  o  7 

owv 

LD 

Man 

Neva 

India 

Seba lek 

icon 

owv 

LD 

Man 

Neva 

India 

Child 

m 

;  o. ' 

NWC 

LMM-P 

Man 

Neva 

- 

Morton 

r* 

TABLE  2. 


CAE  isolate  identification 


cont inued . 


WRAIR 

No  . 

Categorv 

Parasite 
Spec  ies 

Host 

Spec  ies 

Source 

Local i t  y 

Othe  r 

Des  ignat ion 

04: 

owe 

LT 

Man 

Bra  v 

Benga 1 

L117RG,  LRCL160, 
WR221B 

221 

owe 

LT 

Man 

Bray 

Benga 1 

L117RG,  LRCL160, 
WR047 

339 

owv 

LD 

Man 

I'SAMRU-K 

Kenya 

1336 

3  50 

owe 

LT 

Man 

- 

Iraq 

LRCL32,  LV142 , 
WR296 

353 

owe 

LMJ 

Tatera  sp. 

Ba  r ingo 

Kenya 

LRCL119,  LV181, 
LUMP  19 72 

372 

owv 

LD 

Man 

USAMRU-K 

Kenya 

L89 

3  75 

owv 

LD 

Man 

USAMRU-K 

Kenya 

I DH 1 908 ,  380544 

576 

owe 

LT 

- 

- 

- 

- 

625 

NWC 

LBP 

Man 

WRA1R 

Panama 

- 

626 

NWC 

LBP 

Man 

WRAIR 

Panama 

- 

626B 

NWC 

LBP 

Man 

WRAIR 

Panama 

- 

627 

NWC 

LBP 

Man 

WRAIR 

Panama 

- 

637 

NWC 

LBP 

Man 

WRAIR 

Panama 

- 

638 

NWC 

LBP 

Man 

WRAIR 

Panama 

- 

639 

NWC 

LBP 

Man 

WRAIR 

Panama 

- 

640 

NWC 

LBP 

Man 

WRAIR 

Panama 

- 

641 

NWC 

LBP 

Man 

WRAIR 

Panama 

- 

642 

NWC 

LBP 

Man 

WRAIR 

Panama 

- 

6423 

NWC 

LBP 

Man 

WRAIR 

Panama 

- 

643 

NWC 

LBP 

Man 

WRAIR 

Panama 

- 

644 

NWC 

LBP 

Man 

WRAIR 

Panama 

- 

645 

NWC 

LBP 

Man 

WRAIR 

Panama 

- 

646 

NWC 

LBP 

Man 

WRAIR 

Panama 

- 

654 

NWC 

LBP 

Man 

WRAIR 

Panama 

- 

CL001B 

NWC 

LBP 

Sandf iv 

Cor redor 

Col omb ia 

I TRA/CO/8 1 / CL001  B 

CL002C 

NWC 

LMM-P 

Sandfly 

Cor redor 

Colombia 

MHOM/CO/ 84/ CL002C 

CL005C 

NWC 

LBP 

Sandf  lv 

Cor redor 

Colombia 

MHOM/CO/ 84/ CL005C 

CL006B 

NWC 

LBP 

Sandf lv 

Corredor 

Colombia 

ITRA/CO/81 / CL006B 

CL015B 

NWC 

L3P 

Sandf  ly 

Corredor 

Colombia 

ITRA/CO/ 84/CL015B 

CL018B 

NWC 

LMM-P 

Man 

Corredor 

Colombia 

MHOM/CO/ 84/ CL018B 

CL031 

NWC 

LBB 

Man 

Corredor 

Colombia 

MHOM/ CO /84/C LO 31 

CL033 

NWC 

LBB 

Man 

Corredor 

Colombia 

MHOM/CO/ 84/CL033 

CL035 

NWC 

LBB 

Man 

Corredor 

Colombia 

MH0M/C0/84/CL035 

CL038 

NWC 

LBB 

Man 

Corredor 

Colombia 

MH0M/C0/84/CL038 

CL039 

NWC 

LBP 

Man 

Corredor 

Colombia 

MHOM/CO/ 84/CL039 

CL04L 

NWC 

LBB 

Man 

Corredor 

Colombia 

MH0M/C0/84/CL041 

CL042 

NWC 

LBP 

Man 

Corredor 

Colombia 

MHOM/CO/ 84/ CL042 

CL043 

NWC 

LBP 

Man 

Corredor 

Colombia 

MHOM/CO/ 84/ CL043 

CL044 

NWV 

LC 

Man 

Corredor 

Colombia 

MHOM/CO/ 84/CL044 

K0305 

NWC 

LBG 

- 

Ke i th  ly 

- 

- 

K03  1 

NWC 

LBG 

- 

Ke i th  1  y 

- 

- 

K03  2 

NWC 

LBG 

- 

Keithly 

- 

- 

K033 

NWC 

LBG 

- 

Ke i t h  1  y 

- 

- 

K034 

NWC 

LBG 

- 

Keithly 

- 

- 

K03  5 

NWC 

LMA-G 

- 

Keithly 

- 

- 

K036 

NWC 

LMA-G 

- 

Keithly 

- 

- 

31 


TABLE  2.  CAE  isolate  identification  -  continued 


V 


WRAIR 

Paras  i  to 

Host 

No  . 

Category 

Spec  i  e  s 

Species 

12b 

NWC 

LMM-P 

Man 

363 

NWC 

LMA-G 

Man 

367N 

NWC 

LBB 

Man 

41  IB 

owe 

LT 

Man 

303 

VIS 

LC/D 

Dog  4 5 

603 

NWC 

LBB 

Man 

606 

NWC 

LBB 

Man 

609N 

NWC 

LBB 

Man 

618 

NWC 

LBB  &  BP 

Man 

6  L8N 

NWC 

LBB  &  BP 

Man 

621 

NWC 

LBB  &  BP 

Man 

621N 

NWC 

LBB  &  BP 

Man 

426N 

NWC 

LBP 

Man 

626BN 

NWC 

LBP 

Man 

628 

NWC 

LBP 

Man 

655 

NWV 

LC 

Man 

656 

NWC 

LBP 

Man 

6  57  * 

owv 

LD 

Man 

658* 

owv 

LI 

Man 

661* 

owe 

LMJ 

Man 

662* 

owe 

LMJ 

Man 

664* 

owe 

LT 

Man 

666* 

owe 

LAE 

Man 

66  7* 

NWC 

LMM 

- 

668* 

NWC 

LMM 

Nyctomys 

669* 

NWC 

LMA 

- 

6  7  0* 

NWC 

LMA 

Sandf  ly 

6  71* 

NWC 

L.P1F 

Man 

6  73* 

NWC 

LGAR 

- 

67  5* 

NWC 

LBB 

Man 

6  7  6  * 

NWC 

LBP 

Man 

6  7  7* 

NWC 

LBG 

Man 

6  78* 

LEN 

- 

6  7  9* 

LHH 

Coendou 

681* 

LHD 

- 

632* 

LGE 

Gerb  i  1  i 

683* 

owe 

LT 

Man 

684* 

owv 

LD 

Man 

68  5* 

NWC 

LC 

Man 

3948B 

NWC 

LBB? 

- 

6  74 

NWC 

LMM 

CAT 

6  7  5N 

NWC 

LBB 

Man 

710 

VIS 

LC/D 

- 

663* 

owe 

LMJ 

Man 

R 1 2  5 

7 

- 

R 1  70 

owe 

LT? 

- 

R300A 

LT  &  LMA 

- 

R300B 

LD  &  LMA 

- 

R335 

owe 

LT? 

- 

TX  HAMS 

NWC 

LMA-G 

- 

672 

NWC 

LMA-G 

Man 

Other 


Source 

Loca 1 i t  v 

Des  ignat ion 

WRAIR 

Texas 

WR127,  ATCC30883 , 
LV468 

WRAIR 

Braz  i  1 

LB016C,  M1287 

WRAIR 

Braz  i  1 

LTB0014,  WR386 

WRAIR 

Texas 

WRAIR 

Oklahoma 

WR373R 

WRA I R 

Braz  i  1 

LTB564A 

WRAIR 

Brazil 

LTB560 

WRAIR 

Braz i 1 

LTB559 

WRAIR 

Honduras 

H  —  1 2 

WRAIR 

Honduras 

H—  1 2 

WRAIR 

Honduras 

See  WR620 

WRAIR 

Honduras 

See  WR620 

WRAIR 

Panama 

WRAIR 

Panama 

WRAIR 

Panama 

WRAIR 

- 

WRAIR 

- 

WRAIR 

India 

MH0M/W/80/DD8 

WRAIR 

- 

LEM235 

WRAIR 

- 

5ASKH 

WRAIR 

I s  rae  1 

MHOM/IC/67/JerII 

WRAIR 

7 

K27 

WRAIR 

Ethiopia 

MH0M/ET/72/L100 

WRAIR 

Belize 

BEL  21 

WRAIR 

Belize 

MNYC/BZ/74/M379 

WRAIR 

_ 

M2269 

WRAIR 

Brazi  1 

IFLA/BR/67 /Ph8 

WRAIR 

Venezuela 

MHOM/VE/ 57/LL1 

WRAIR 

- 

JAP78 

WRAIR 

Brazil 

MH0M/BR/75/M2903 

WRAIR 

Panama 

MHOM/PA/71 /L594 

WRAIR 

Brazi 1 

MHOM/BR/ 7  5 /M4 1 47 

WRAIR 

- 

L88 

WRAIR 

Panama 

MCOE/PA./  65/C8 

WRAIR 

- 

GML3 

WRAIR 

- 

GERB1LLI 

WRAIR 

USSR 

MH0M/50/60/LRC-L39 

WRAIR 

Ethiopia 

MH0M/ET/67/L83 

WRAIR 

Bra  z  i  1 

MHOM/BR/ 74/M2682 

WRAIR 

- 

- 

WRAIR 

- 

WRAIR 

Brazi 1 

MHOM/BR/ 75/M2903 

WRAIR 

- 

WRAIR 

- 

WRAIR 

- 

WRAIR 

- 

WRAIR 

- 

WRAIR 

- 

WRAIR 

- 

WRAIR 

- 

WRAIR 

_ 

'•2vi 


.-’J 


■  -  - 

'v 

jCJIm 

BF 


v 


>*- 


.■a* 


.4- 

•7> 


TABLE 


CAE  isolate  identification 


conti nued . 


WRAIR 

Parasite 

Host 

No  . 

Cat  eg 

i  r  v  S  p  o  c  i  e  s 

Sp e c  i  e  s 

CL01 7  a 

NWC 

L.3P 

Man 

CL019A 

NWC 

LBP 

Man 

CL020B 

NWC 

LBP 

Man 

CL025 

NWC 

LBP 

Ma  n 

CL029 

NWC 

LBP 

Man 

CLOab 

NWC 

LBP 

Man 

CL047 

NWC 

LBG 

Ma  n 

CL0A8 

NWC 

LBP 

Man 

CL0A9 

NWC 

LBP 

Man 

CL052 

NWC 

LBP 

Man 

CL058 

NWC 

LBP 

Man 

CL060 

NWC 

LBP 

Man 

CL063 

NWC 

LBB 

Man 

CL069 

NWC 

LBP 

Man 

CL066 

NWC 

LBP 

Man 

CL069 

NWC 

LBP 

Ma  n 

CLO'O 

NWC 

LBP 

Man 

CL072 

NWC 

LBP 

Man 

CL073 

NWC 

LBP 

Man 

CL079 

NWC 

LBP 

Man 

CL080 

NWC 

L3B 

Man 

CL082 

NWC 

LBC 

Man 

CL083 

NWC 

LBB 

Man 

CL08  5 

NWC 

LBP 

Man 

K038 

owe 

LMJ 

- 

K039 

NWC 

LBG 

- 

KOdl 

NWC 

LBB 

- 

K.092 

NWC 

LBP 

- 

K093 

NWC 

LBP 

- 

1..  . 
waiter 

Reed 

isolates 

2 

"Colombia  isolates 


Ke i t  h 1 y  isolates 
N I H  isolates 


P.  Jackson  isolates 

^Preliminary  CAE  ident i 1 icat ion 
'•WHO  controls 


Other 


Source 

Loca  1  icy 

De s l gnat  ion 

Corredor 

Co  1 omb i a 

MHOM/CO / 8  5 / CLO 1 7 

Co  r  re  do  r 

Co  1 omb i  i 

MHOM/CU  ,'8“  ■  CLC  1  1 

Corredor 

Co  1 omb i a 

MHOM, CO '8a 'CLO 20 

Corredor 

Co  1 omb i a 

MHOM  CO  8  -*  C  L  0  2 

Corredor 

Co  1 omb i a 

MHOM,  C0/85/CL02'-* 

Corredor 

Co lomb ia 

MHCM/CC/85/ CLOCn 

Corredor 

Co l omb ia 

MHOM/CO/ 85-  CLP-* 7 

Corredor 

Co  1 omb i a 

MHOM/ CO ' 8  5 /p^0-8 

Corredor 

Co  lomb l a 

MHOM/CO/ 8  5 / CLO-" 

Cor  redo  r 

Col omb i a 

MHOM/CO / 3  5  CLO: 2 

Corredor 

Co  1 omb ia 

MHOM/ CO/8  5 /CLo 58 

Cor  redo  r 

Co  1 omb i a 

MHOM/CO, 85/CLObO 

Corredor 

Co lomb ia 

MHOM/CO/ 8 5/CL061 

Corredor 

Co  1 omb i a 

MHOM  ;C0 ' 85/CL0ba 

Corredor 

Co lomb i a 

MHOM/CO, 8 5 /CLO be 

Corredor 

Co  1 omb i a 

MHOM/CO  '8  / CLOfc 

Cor  redo  r 

Co  1 omb ia 

MHOM/CO; 85 /CLO 70 

Cor  redor 

Co lomb i a 

MHOM /CO/ 8 5,  CLO 7 2 

Corredor 

Co  lomb i a 

MHOM/CO/ 8 5/CLO ~ 5 

Corredor 

Co lomc ia 

MHOM/CO /85/CL07" 

Corredor 

Co lomb ia 

MHOM 'CO/83/CLOrt' 

Corredor 

Col omb i a 

MHOM /C0/85/CL082 

Corredor 

Co  1  omb ia 

MHOM/CO;  8  5/  CL08 

Corredor 

Col omb i a 

MHOM ;C0 ;85 /CLO 8 1 

Ke i t  h  1  y 

- 

Keithlv 

- 

Keithlv 

- 

Keithlv 

- 

Ke i t  h 1 v 

- 

LMM-P  -  Leishmania  mex icana  me x i c ana 
LMA-G  -  L.  m.  amazonens is  -  ga  rnhami 
LGAP  -  L.  garnhami 
LPIF  -  L.  p  i  f  ano  i 

LBB  -  L.  brazil  iens i s  brazi 1  icnsis 
LBP  -  C.  EL  panamens  i  s 
LBG  -  L.  b.  gu vane  ns  l  s 
LT  -  L  .  t  rop  i  c.  a 
LM J  -  L .  ma  jo r 


p i f  ano  i  LAE  -  L.  aethiopica 

LD  -  L.  donovan i 
LC  -  L.  chagas i 
LI  -  L .  infantum 
LEN  -  L.  enr  iet  r  i 
LHH  -  L ■  hert igi  hcrt i gi 
LHD  -  L.  h.  deani 
I.C.E  -  L.  ge  rb  i  1  I  i 


<•1 
•\r.  Vj 


[Aruh  i.  Jcograpnic.il  divcrsit  v  ot  l.e  i  shrajn  i  a  subspecies 
associated  with  intensitv  ot  st'idv. 


Loca  le 

Panama 

Col omb i a 

Brazil 

Belize 

Kenya 

Ethiopia 

India 

USA 

Costa  Rica 
Venezue la 
Dominican  Republic 
Israel 
Peru 

Afghanistan 


Species  Dive rs i t  v 


Number  ot  Isolates 
Characterized  '■ 


BP, 

BB 

,  MA/MG.  C,  AR.  HH.  MM/MP 

83 

BP, 

MM 

'MP,  MA/MG,  C,  bB,  BG 

30 

BP, 

BB 

.  BG,  MA/MG,  C 

3  7 

BP, 

BB, 

.  MA/MG.  MM/MP 

14 

D, 

MJ 

14 

D, 

AE 

q 

D 

b 

MM/MP. 

MA/MG 

5 

MM/MP,  BG,  MA/MG 
MM/MP,  MA/MG 
MM/MP 
MJ 

BB,  MM/MP 
T 


TA3LE  4.  Numbers  or  isolates  in  each  subspecies  or  species  of  Leishmania 
tested  in  this  sr  ujv .  Note:  20  ot  each  type  should  be  required 
to  produce  a  valid  protile  ot  the  group.  Isolates  are  from 
va  nous  laboratories. 


Species  or  Subspecies 


Number  of 
Isolates 


L3P  104 
L33  56 
LMM  43 
LMA  47 
LC  2  7 
LD  Old  World  28 
LMJ  Old  World  32 
LT  Old  World  25 
L3G  28 
LME  2 
LAE  Old  World  7 
LAR  1 
LMP  2 
LMG  2 
LHH  4 
LHD  1 
LGE  1 


-At  present  it  is  not  possible  to  separate  LMM  from  LMP  and  LMA  from  LMG. 
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TABLE  b.  Biochemical  similarities  among  certain  Le ishmania  subspecies 
and  species.  Som  similarities  are  based  on  data  from  one 
isolate  and  at  present  must  remain  suspect.  See  Figure  2 
for  a  graphic  extension  of  these  data. 
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